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This r e p o r t  d e a l s  wi th  t h e  r e s u l t  of t h e  s t u d y  of a eone of char- 
ged p x t i c l e s  with comparatively low ene r - i e s  (from -100 ev t o  10 - 4Okev), 
s i t u a t e d  beyond t h e  ou te r  r z d i a t i o n  b e l t  ( i nc lud ing  t h e  new d a t a  obtained 
on I l e c t r o n - 2  and Zond-2). 

'The cu tko r s  review, f i r s t  of all, an2 i n  c h r o n o l o ~ i c a l  o rde r ,  t h e  
space probes on which d a t a  on s o f t  e l e c t r o n s  'and protons were obtained 
beyond t h e  r s d i s t i o n  b e l t s .  A b r i e f  review is given of soae  examples of r e g i s -  
t r a t i o n  of s o f t  e l e c t r o n s  a t  high g e o m i n e t i c  l a t i t u d e s  by M a r s - 1  and Elec- 
tron-2. It is shown t h a t  here ,  BS i n  o t h e r  space probes, t h e  zones of s o f t  
e l e c t r o n  flwcys are g a r t l y  over lap7inr  with t h e  zones of trapped r a d i a t i o n .  

The s p a t i a l  d i s t r ibu t io ; :  of f l u x c s  of s o f t  e l e c t r o n s  is s i x d i e d  i n  
l i q h t  of  d a t a  oStziined fro.1 va r ious  sFnce probes, such as Lunik-1, Explorer-12, 
Explorer-18, for t h e  daytime r e r i o n  along t h e  map-etosphere boundary &om t h e  
s u m y  s i d e .  The n i g h t  re-ion of f luxes  is exmined  f r o n  d a t a  provided by 
Lunik-2, 7xpiorer-12, Z ~ n d - 2 ~  ~ n i  the r e s u l t s  of va r ious  l a t e s t  works w i t h  
reKarr! t o  t he  r e l a t i o n s h i -  of t h a t  d i s t r i b u t i o n  with t h e  s t r u c t u r e  of tire 
marne t ic  f i e l d  are exCmined and cornpcved. The e s s e n t i a l l y  new r e v e l a t i o n  of 
the  magneto-neutral l a y e r  on the  niRht s i d e  i s  discussed. 

discussed.  

e l e c t r o n s  2nd i n  conclusion they  emphasize t h e  imnortance of t h e  outermost 
zone of  charged p a r t i c l e s  from t h e  geophysical s tandpoin t .  A f u r t h e r  s t u d y  
is reconnended, p n r t i c u l L v l y  of the p L v t  of t h e  outermost zone where t h e  
daytime and nip-httime p a r t s  op-arently 
daytime s i d e  and i n  t h e  mpgneto-neutrzl l a y e r  of t h e  n i s h t  p a r t  of t h e  zone. 

The temporal v c r i a t i o n s  accordin.; t o  d a t a  from Electron-2 are 

F i n a l l y  the  p.uthors I.n;ke b r i e f  remarks as t o  t h e  ozigir? af snft 

j o i n  near  t h e  n e u t r a l  p o i n t s  on t h e  
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2. 

The r e s u l t s  of t he  s tudy  of the zone of charged p a r t i c l e s  beyond 

t h e  o u t e r  r a d i a t i o n  b e l t  and whose energ ies  a r e  comparatively low (from - 100 e v  t o  10 -40  kev) ,  a r e  considered i n  t h e  present  work. The s tudy  

inc ludes  more p r t i c u l a r l y  t h e  new da ta  con t r ibu ted  by observa t ion  aboard 

the  s a t e l l i t e  Electron-2 and t h e  space rocke t  Zond-2. 

As is w e l l  known, the  Ea r th ' s  r a d i a t i o n  b e l t s  were discovered i n  

1958 dur ing  experiments f o r  t he  s tudy of cosmic rays.  I n  these  exneriments 

t he  apparatus  used w a s  n a t u r a l l y  appropr ia te  f o r  t he  r e g i s t r a t i o n  of par- 

t i c l e s  wi th  comparatively low enerTies,  beginning from t e n s  of kev, and 

t h a t  is  why t h e  impression was conveyed a t  t h e  o u t s e t  t h a t  condi t ions ,  cha- 

r a c t e r i s t i c  of i n t e r p l a n e t a r y  space9  must take  place beyond the  boundary of 
t he  zones of t r a p r e d  r a d i a t i o n .  

Xxperiments with charged p n r t i c l e  t r a p s  on Sov ie t  l una r  r o c k e t s  [l] 

have revea led  t h a t  a zone of e l e c t r o n  accumulation e x i s t s  beyond t h e  ou te r  

r a d i a t i o n  b e l t  near t he  geomsgnetic equator.  I n  t h i s  zone, the  concentra- 

t i o n s  and the  f l u x e s  exceed considerably those knovm t o  e x i s t  i n  t h e  o u t e r  
r a d i a t i o n  b e l t .  Accorc'iing t o  the  da ta  of Luna-2, the ex tens ion  of t h i s  zone 

i s  of t h e  order  of 40000km. The a p y e a r a c e  of i n t ense  low-energy p a r t i c l e  

f l u x e s  ( -10 cm-'.sec'') beyond the o u t e r  r a d i a t i o n  b e l t  w a s  i n t e r p r e t e d  

as be ing  t h e  r e s u l t  of s o l a r  plasma f l w t e s ' i n t e r a c t i o n  wi th  t h e  p e r i p h e r a l  

r eg ions  of t h e  Ea r th ' s  magnetic f f e l d  C23. The mechanism i n d i c a t e d  in C3] w a s  
considered as one of the  poss ib l e  t h e r a a l i z a t i o n  processes  of solar plasma. 

Scbsequentlg,  ether var ious  acce le ra t ion  mechanisms of solar plasma e l e c t r o n s  
were a l s o  considered [4, 53; however, t he  b a s i c  i d e a  of emergence of t h e  

outermost r a d i a t i o n  b e l t ,  v i s u a l i z e d a s a r e s u l t  of c e r t a i n  boundmy e f f e c t s  
of s o l a r  plasma f luxes '  i n t e r a c t i o n  wi th  the  Ea r th ' s  magnetic f i e l d  figlly 
kept  i ts  si,gnificance. 

8 

Although more than  f i v e  years  have elapsed s i n c e  the  d e t e c t i o n  of 
t h i s  zone by Sov ie t  l u n a r  rocke ts ,  a s i g n i f i c a n t  p a r t  of t he  works devoted 
t o  i t  appeared only a f t e r  1962, so t h a t  t he  terminology, r e f e r r i n g  t o  i t ,  

is s t i l l  unse t t l ed .  A t  t h e  o u t s e t  is w a s  c a l l e d  t h e  ! ' th i rd  r a d i a t i o n  b e l t "  

C6, 71. TbLen, i n  1961 i t  w a s  proposed C81, in order  t o  under l ine  t h e  d i s t i n c -  

t i o n  of the  phys ica l  p r o p e r t i e s  of t h i s  zone from t h e  r a d i a t i o n  b e l t s ,  t o  

c a l l  t h i s  in te rmedia te  zone of ei:istence of low-energy charged p a r t i c l e s ,  

s i t u a t e d  between the  zone of trapped r a d i a t i o n  and t h e  unperturbed SO&= 
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wizld, t h e  o u t e r m o s t  b e l t  o f  c h a r g e d  p a r t i c l e s  ( s e e . a l s o  

[9, 103, o r ,  l a te r  on, t h e  o u t e r m o s t  s o n e  o f  c h a r g e d  p a r -  

t i c 1 e s C U I .  Other denomin-tions, and i n  p a r t i c u l a r  t he  one proposed in 

[12] f o r  f l u x e s  of s o f t  charged p a r t i c l e s  beyond the  boundary of t rapped ra- 
d i a t i o n  c12], namely n a u r o r a l  rad ia t ion" ,  appear t o  us l e s s  f o r t u n a t e .  

I 

Table 1 shows i n  chronological  order  (according t o  launching da ta )  
t h e  space probes on which were obtained d a t a  on s o f t  e l e c t r o n  and proton 

f l u x e s  beyond the  r a d i a t i o n  b e l t s ,  a longside wi th  t h e  method of t h e i r  obser- 

va t ions  and t h e  values  of the  angle  
i n c  t o  t h e  moments of observat ions.  

x3c ( s e e  f u r t h e r  t h e  Fig,  71, correspond- 

The o r b i t s  of most of the  space probes enumerated i n  t h e  t a b l e ,  

passe2 nea r  t he  e c l i p t i c  plane. To the number of devices  on which f l u x e s  of 

e l e c t r o n s  wi th  energ ies  Ee>lOO ev were observed beyond the  boundary of 
trapTed r a d i a t i o n  a t  high l a t i t u d e s  (and more remote from E a r t h ) ,  so far 
r e f e r  only t o  M a r s - 1  and Electron-2. 

2. - OBSE2V;;TIONS AT L0I.J UTITUDES - 
Because of the  l a c k  of space we s h a l l  l i m i t  ourse lves  here  t o  a 

b r i e f  review of soxe c h a r a c t e r i s t i c  exxnples of  r e g i s t r a t i o n  of s o f t  e l e c t r o n  

f l u x e  3. 

-". Ine  rck; is t r :Lt ions nf the  c o l l e c t o r  c u r r e n t s  of the  i n t e g r a l  type of 

charmed p a r t i c l e  t r a p s ,  i n s t a l l e d  aboard the  space rocke t  Luna-2, launched 

a t  t h e  n i g h t  s i d e ,  a r e  p l o t t e d  i n  F i g . 1  . P l o t t e d  i n  the  same f i g u r e  a r e  the  

d a t a  of counter i n d i c a t i o n s  of hi3her-energy p a r t i c l e s ,  i n s t a l l e d  on t h e  

reeke+ c207, As may be seen from the diagram, t h e  zone o f  i n t e n s i v e  fluxes 
of s o f t  e l e c t r o n s  a r e  i n  the  consicered case,  e n t i r a l y  beyond the zone of 
r e g i s t r a t i o n  of e n e r e e t i c  p z r t i c l e s .  During experiments aboard Luna-1, 
f i r e d  on the  day l iyh t  s i d e ,  t hese  zones no t i ceab ly  overlapped. 

It should be noted t h s t  the t r a j e c t o r y  of Luna-2 passed near  t h e  

YcomFgnetic equator  and crossed it near  -8.5 RE. 
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C161 
[17] 

Sane I 
270-360Modulation t r a p  ( ionsEiNkev,  

e l e c t r o n s  65- 210 ev)  

T A B L E  1 

'Y4 

Space Probe 

LUNA- 1 

LUNA- 2 

EXPLOREZ-12 

MARS- 1 

EXPLORER- 18 

EIECTRON- 2 

ZOND- 2 

Launching 
Date 

1 Jan.1959 

12 Sep.1959 
16 Sep.1961 

1 Nov.1962 

27 Nov.1963 

30 Jan.1964 

30 Nov.1964 

Ref erencc 

CUI 

%* 
285 

135 
285-36 

& 225 

200 

I Method of measurements 

I n t e g r a l  Trap (Elec t rons  

Same 
I n t e g r a l  Detector  CdS 

(Ec > 200 - 500 ev) 

I n t e g r a l  Trap (Ee>lOO ev)  

with energy E, 7200 ev 

Ci81 

- 
C19 3 

c113 

290 & 
210 

230 

IE lec t ros t a t i c  ana lyzer  
~ ( I o n s  E;- kev) 
I n t e g r a l  t r a p  ( e l e c t r o n s  

E l e c t r o s t a t i c  analyzer  
( i o n s  and e l e c t r o n s  wi th  

E Y 100 ev - 10 kev) 

I n t e g r a l  Trap ( e l e c t r o n s  

~ 

with  E, > 100 ev) 

wi th  E, 7 7 0 e v )  

L Axis t h e  angle  between the  d i r e c t i o n s  Earth-Sun and Earth-AES * *  
* *  t he  o r i g i n a l  denota t ion  
being maintained throughout. 

I 

Fig.1. - Col l ec to r  cu r ren t s  of i n t e g r a l  charged p a r t i c l e  
traps C l ]  a n d  count ing r a t e  of hard r ad ia t ionC201  

1- upper l i m i t  of  c o l l e c t o r  c u r r e n t s  i n  t r a p s  wi th  damping 
g r i d  '0 s - 10, - 5 and 0 v;  2 - lower l i m i t  of  the  same 
cur ren t s ;  3 -  uplyer l i m i t  of  c u r r e n t s  i n  t h e  t r a p  wi th  
'4 = 1 5 ~ ;  4 - count ing rate i n  r e l a t i v e  u n i t s .  
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The i n t e n s i t y  course of e l e c t r o n  f luxes  r e g i s t e r e d  a t  t h e  daytime 

s i d e  w i t h  t he  a i d  of i n t e g r a l  t r a p  i n e t a l l e d  abowd  Explorer-18 is shown 

i n  Fig. 2 C16J. As i n  t he  case of Luna-2 
the  e l e c t r o n  f luxes  were observed on both 

s i d e s  of t he  boundary of trapped rad ia-  
t i o n  (on t h e  dayl ight  s i d e  near  the  geo- 

mxgnetic equator  t he  l a t t e r  co inc ides  

wi th  the  boundary of  t he  magnetosphere). 

Owing t o  the  f a c t  t h a t  the  o r b i t  apogee 

of Explorer-18 lay at g r e a t  q i s tances  

from E a r t h ,  the  ou te r  boundary of the zone 
of the rnn l i zed  solar plasma vas a l s o  r e g i s -  

t e r e d  on i t ;  t h i s  boundary i s  i d e n t i f i e d  

w i t k  t he  shock wave f r o n t .  

I 

I Proton f l u x e s  were r e g i s t e r e d  i n  

Fig. 2. - E?.ectrm f l u x e s  with 
E, 7 100 ev according t o  d a t a  
of t he  i n t e g r a l  t r a p  i n s t a l l e d  
aboard Eicplorer- 18 [16] 

the  e n t i r e  t r a n s i t i o n a l  reFion beyond the  magnetosphere boundary wi th  t h e  

a i d  of a modulation t r a p  [17] ( they  were a l s o  measured with the  h e l p  of the  
I e l e c t r o s t a t i c  analyzer  w i t h  energ ies  t o  -5 kev toye the r  with the  omnidirect io--  

n a l  f l u x e s  of e l e c t r o n s  i n  the  65- 210 ev range 

re- ion,  the  i n t e n s i t y  of f luxes  of protons,  o r i g i n a t i n g  from the  s i d e  of t h e  

Sun exceeded by ?bout a f a c t o r  of 2 t he  i n t e n s i t y  of the  f l u x e s  from oppos i te  

d i r e c t i o n .  

[17]). I n  the  t r a n s i t i o n a l  

2s t l  obtained on Explorer-12 a t  i n t e r s e c t i o n  by the  probe of t h e  
maanetasphere boundary from the  subsolar  s i d e  on 13 3ovembe-r - n f i  L ~ U L  aL --- --im++Pa r * w v - - -  

i n  t he  Fig. 3 [next page] 
a s m a l l  maxinum was observed i n  the readings  03 C’dStotal  energy d e t e c t o r ,  

and a l s o  an i n t e n s i t y  maxinum of e l ec t ron  f l u x e s  with ene rg ie s  from 40 t o  50 

[l3]. Ins ide  the  magnetosphere, near  t he  boundary, 

kev. Immediately beyond the  mametosphere bounuar-y ’--- ~ ~ - + ~ - - r n - i n e f i  kU.. -_-_ by t he  mame- 
of 

t i c  f i e l d  jump and t he  besinning a f t e r  i t / t h e  tu rbu len t  f i e l d  re$.on),a sha rp  
i n c r e a s e  w a s  observed i n  the  f l u x  of energy r e g i s t e r e d  by t h e  CdS c r y s t a l ,  

up t o  4 5 0  erg. cm0?sec-’. An i n d i r e c t  e s t ima te  of t he  masnitude of the  e l ec -  

t r o n  f lux and energy gave r e spec t ive ly  loLo cmo2sec’l and 2.5 kev. The measu- 
rements were completed i n  time of a magnetic storm, and a r e  the re fo re  not 
t y p i c a l  of undis turbed per iods.  A l l  o the r  cases  of observa t ion  of e l e c t r o n  
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f luxes  beyond t h e  magnetosphere boundary were analyzed i n  [l4]. After  
every f o r t u n a t e  c ros s ing  of t h e  magnetosphere boundary ( t h e  CdS c r y s t a l  w a s  
not  l i t  up by t h e  Earth - r e f l e c t e d  solar r a d i a t i o n )  e l e c t r o n s  were observed 
whose fluxes exceeded the  l i m i t  value of ry 1 e r g  cm'* s e c  

where such f l u x e s  were r e g i s t e r e d  is  shown i n  Fig. 8).  

-1 ( t h e  r e g i o n  

The f luxes  of e l e c t r o n s  wi th  

ene rg ie s  - 0.5- 40 kev Clh] were r e -  

g i s t e r e d  aga in  with t h e  a i d  of t he  same 

t o t a l  energy d e t e c t o r  on t h e  n igh t  s ide .  

A more p r e c i s e  es t imate  of ener,-T could 
not  be made. Discrepancies  e x i s t  as r e -  

gards  t h e  e s t ima te  of e l e c t r o n  f luxes.  

I n  [lo] t h e  value of t h e  f l u x  i s  e s t i -  
mated as be ing  d108- 10 9 sec'', 

whereas i n  [l4] the  value of l o u  caw** 

0sec-l  i s  brought up. KO d i r e c t  j o in ing  
of t he  n i g h t  and dayt ine  reg ions  af e l e c -  

t r o n  f l u x e s  were revea led  f r o n  t h e  data 

o b t a i n e s  on Explorer-12 C13, 141. 
The t r a j e c t o r y  of t he  cosmic 

rocke t  Zond-2 passed above the  nigpLf: 
s i d e  of t h e  Earth a t  about t h e  same 

reg ion ,  where t h e  n igh t  reFion of 
fl-ass vzs observed on Explorer-12. 

The course  of t he  cons tan t  component 
of t h e  c o l l e c t o r  cu r ren t  of t 2e  mo- 

d u l a t i o n  t r a p  i n s t a l l e d  on t h e  Eatel-  

l i t e ,  up t o  t h e  geocen t r i ca l  d i s t azce  

of ~ 7 . 3  RE, is shown i n  Fig.  4, 
The first s e s s i o n  of measurements 

w a s  d i scont inued  a t  t h a t  point  c111. 
The pro ton  f l u x e s  on t h a t  po r t ion  of 

t h e  t r a j e c t o r y  were not  r e g i s t a r e d  

w i t h  t h e  h e l p  of t h e  modulation p L v t  

of t h e  c i r c u i t .  By the  end of measurement 

s e s s i o n  t h e  f l u x  of e l e c t r o n s  reached 

t h e  s u b s t a n t i a l  value of  d3.10 cn sec  . 8 -2 -1 

Fig. 3 .  - Readings of t h e  devices 
on Explorer- l2  a t  c r o s s i n g  t h e  
boundary of the  magnetosphere on 

13 November 1961 c133 
a - h a r d  r a d i a t i o n  counter :  

2-14> 16 Mev, 3 - 80 .c; E, (100 kev : 
b - magnetometer readings ;  a - 
ilLgle between H and t h e  d i r e c t i o n  
of , s z t e l l i t e * s  r o t a t i o n  axis; 
+-male between p lanes ,  one of 
which con ta in ing  H and t h e  satel-  
l i t e ' s  r o t a t i o n  axis, and t h e  second 
conta in ing  the  axis of r o t a t i o n  and 
t h e  l i n e  Sun- s a t e l l i t e ;  c - r e a d -  
i n g s  of t he  C d S  t o t a l  enerf;y d e t e c t -  
t o r  readings  - 1; bac2ground- 2 .  

l .J- = hn ,< E', < 50 kev, E > 20 PIev, 

I 
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3.- I--- OBSERVATIONS AT H I G H  GEOMAGNETIC LITITUDES 

As a l r eady  mentioned, so far only M a r s - 1  and Electron-2 belong 

t o  the  number of space probes on which i n t e n s e  f luxes  of low-energy e l e c -  

t rons  (Ee p 1 0 0 e v )  were observed at high l a t i t u d e s .  

t h e  n igh t  s i d e  o f  t he  Ear th  near  t he  meridional  plane pass ing  through the  

l i n e  Earth-Sun. The registrationsofcollector c u r r e n t s  of two i n t e g r a l  

t r a p s  of t h i s  s t a t i o n  m e  p l o t t e d  i n  Fig. 5 a f t e r  

3 of F ig .5  desc r ibes  the  count ing ra te  v a r i a t i o n  of more e n e r g e t i c  p a r t i c l e s  

[21]. Comparison of the  curves 1 and 2 shows t h a t  i n t e r s e c t i o n  of t h e  pe r i -  
phe ra l  r eg ion  of the ionosphere w i t h  t h e  outermost aone of charged p a r t i c l e s  

was observed i n  t h i s  case.  It should be noted t h a t  t he  zone of s o f t  e l e c t r o n  

fluxes l i e s  between the  l i n e s  of force  of the  geomagnetic d ipole  correspond- 

i n g  t o  t h e  N 63 - 730 geomagnetic l a t i t u d e  i n t e r v a l  (Fig.  61, i n  which t h e  

zone o f  maximum aurora  reccurrence is s i t u a t e d .  

The t r a j e c t o r i e s  of t'-e i n t e r p l a n e t a r y  s t a t i o n  Mars-1 passed above 

t h e  work [15]. The curve 

Fir.. 5. - Col l ec to r  curi-eiits of i n t e , g n l  
c b a r p 6  p a r t i c l e  t r a p s  and counting r a t e  
of hard r a d i a t i o n  on t h e  liars-1 probe 

CIS, 211 dipole .  
1- damping p i d  p o t e n t i a l  y -  0 ; 2 - Tke curve ' s  heavy po r t ion  deno- - 

Fig. 6. - Dispos i t i on  of M a r s - 1  
t r a j e c t o r y  relative t o  the l i n e s  
of force  of an i d e a l  geomagnetic 

(p = 5Ov ; 7; - count ing r a t e  i n  r e l .  u. t e e  t he  r e g i s t r a t i o n  reg ion  of 
s o f t  e l e c t r o n s  Cl51. 

Electron-2 was t he  f i r s t  s a t e l l i t e  on which the  i n v e s t i g a t i o n s  of 
low-energy charped p a r t i c l e s  were conducted sys t ema t i ca l ly  and f o r  a prolonged 
time a t  p e a t  d i s t ances  from 2 a r t h  and a t  high l a t i t u d e s .  
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Elec t ron  f luxes  were r e g i s t e r e d  with the  h e l p  of s a t e l l i t e - b o r n e  e l e c t r o -  

s t a t i c  analyzer  c191 and an i n t e g r a l  t r a p  of charged p a r t i c l e s  C22J. 
When comparing t h e  d a t a  obtained,  one should bear  in mind t h a t  primary 

data ( c o l l e c t o r  cu r ren t )  a r e  brought up f o r  t he  t r a p ,  whereas f o r  t h e  ana- 

l y z e r  t he  d a t a  c o n s i s t  of magnitudes of r e g i s t e r e d  f l u ~ e 6 ,  t h a t  is  t h e  
value of t he  photocurrent  i n  t h e  c o l l e c t o r  c i r c u i t  has  a l r eady  been account- 

ed f o r .  A t t en t ion  is  drawn t o  t h e  q u i t e  s a t i s f a c t o r y  q u a l i t a t i v e  agreement 

between the  data obtained w i t h  t he  a id  of two d i f f e r e n t  devices. According 
t o  t h e  data of t h e  e l e c t r o s t a t i c  ana lyeer , in tens ive  f l u x e s  of e l e c t r o n s  wi th  

e n e r g i e s  t o  10 kev were sys t ema t i ca l ly  observed ou t s ide  t h e  r eg ion  of t r ap -  

ped r a d i a t i o n  (L > ~ 7 . 5 )  C193. 
of the  i n t e g r a l  t r a p ,  e l e c t r o n  f luxes  were not  always observed. Le t  us 
r e c a l l  t h a t  t he  c o l l e c t r o  cu r ren t  of t h e  t r a p  aboard Electron02 WES de te r -  

mined by t h e  d i f f e rence  of t h e  f luxes ,  h i t t i n g  the  c o l l e c t r o ,  wi th  energy 

exceeding the  value determined by the s a t e l l i t e ' s  p o t e n t i a l  and of t h e  

It should be noted t h a t  according t o  d a t a  

e l e c t r o n s  w i t h  ener,cy E, 7 1 0 0 e v -  The minimum value of t he  c o l l e c t o r  cur- 

( f o r  more d e t a i l s  on the s u b j e c t ,  see  [22]). The r e s u l t s  of measurements 

a t t e s t  of no tab le  i n s t a b i l i t y  of the outermost b e l t  of charged p a r t i c l e s ,  

which i s  i n  agreement wi th  the  i n s t a b i l i t y  of t he  s o f t  e l e c t r o n  component 

of t he  o u t e r  r a d i a t i o n  b e l t  c223. As i n  t h e  experiments wi th  o t h e r  space 

probes,  t h e  zones of s o f t  e l e c t r o n  f l u x e s  a r e  p a r t l y  overlapped by t h e  
zones of t rapped r ad ia t ion .  

r e n t  t h a t  could be r e g i s t e r e d  corresponded t o  a flux 3 - 10 7 cm'2sec-1 

4.- SPATIAL DISTRIBUTION OF FLUXES 

OF SOFT ELECTRONS 

F igu res  7 a  and 7.5 show the s p a t i a l  d i s t r i b u t i o n  of the  s o f t  e l ec -  
t r o n s  and protons observed a t  g r e a t  rlkstances from Ear th  on va r ious  space 

probes ( r e s p e c t i v e l y  i n  the  p ro jec t ion  on the  e c l i p t i c  plane and on t h e  

mer id iona l  plane perpendicular  t o  i t ) ; t h e  axis X,. is  d i r e c t e d  a t  the  Sun; 

a p n l i e d  here  is t he  so-ca l led  so l a r - ec l ipb ic  system of coordinates .  
Near the  e c l i p t i c  plane (F ic .7  a )  the  p o r t i o n s  of t r a j e c t o r i e s  on 

which were r e g i s t e r e d  t h e  f luxes  of s o f t  charged p a r t i c l e s ,  form two reg ions -  
t h e  daytime and the  night t ime ones. 
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F i T . 7 .  - D i s t r i b u t i o n  of charFed  p a r t i c l e s  as  obse rved  on d i f f e r e n t  
s p a c e  p r o b e s  i n  t h e  p r o j e c t i o n  on t h e  e c l i p t i c  p l a n e  (a) and on t h e  
m e r i d i o n a l  p l a n e  (a ) ,  i n  t h e  s o l a r - e c l i p t i c a l  s y s t e m  of c o o r d i n a t e s .  

The p o r t i o n s  of t r a j e c t o r i e s  ove r  which t h e  f l u x e s  were r e g i s t e r e d  
are  shown i n  heavy l i n e s  and s h a d i n g ,  w h i l e  f o r  E l e c t r o n - 2  only t h o s e  
t r a j e c t o r y  sepments  a r e  shown, where f l u x e s  were r e g i s t e r e d  by means of 
of t h e  i n t e g r a l  t r a p .  The approximate  b o u n d a r i e s  o f  t r a p p e d  r a d i a t i o n  
( d a s h e s  and comb-shaped s i g n )  a re  p l o t t e d  [ 2 0 , 2 1 ,  23-  263 w i t h  t h e  use 
of  magnetosphere  boundary  a c c o r d i n g  t o  [17, 27 ,  281. The assumed p o s i t i o n  
o f  t h e  o u t e r m o s t  zone of  charged  p a r t i c l e s  i s  shown by d o t s .  
CSx?) lana t ion  of Russian s i g n s  : a -  1 
l r E x n l o r e r "  1 3d-1 - f o r  Z l e c t r o n ;  3 - 2 s k a n c s  fol. 2ond m d  3 f o r  Eactk. 

Luna-1; 8 -2 Luna-2; 3 stands f o r  
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1.- The daytime reg ion  i s  disposed along the magnetosphere boundary 
on the  s i d e  of t he  Sun. The ou te r  boundary of t he  reg ion  co inc ides  wi th  the  

shock wave f r o n t  beyond which a r e  disposed the  unperturbed f l u x e s  of solar 
plasma (Luna-1, Explorer-12, Explorer-18). According t o  the  d a t a  of i n t e g r a l  

charged p a r t i c l e  t r a p ,  t he  f l u x e s  of e l e c t r o n s  a r e  r e g i s t e r e d  on both s i d e s  

of t he  magnetosphere boundary. Eovever, t he  energy spectrum of s o f t  e l e c t r o n s  

is more e n e r g e t i c  i n s i d e  the  magnetosphere than ou t s ide  it, 

2.- The n ight  reg ion  of f luxes  (Luna-2, Explorer-12, Zond-2) does 
no t  j o i n  wi th  t h e  daytime one i f  one judges t h i s  from observa t ions  near t h e  

e c l i p t i c  plane. According t o  d a t a  f ron  Explorer-12, t h e r e  exists wi th in  the  

break between the  nicht t ime and daytime rey ions  on the  morning s i d e , a  zone 

of f luxes  of t rapped e l e c t r o n s  w i t h  energy E ~ 4 0  kev, apparent ly  cons t i t u -  
t i n g  the  ex tens ion  of the  ou te r  r a d i a t i o n  b e l t  C26I. Whether such break  

e x i s t s  a l s o  on the  eveninR s i d e  is not q u i t e  c l ea r .  The boundary of t he  re -  

gion of t rapped r a d i a t i o n  i n  Fig. 8 a is t r aced  symmetrically r e l a t i v e  t o  t h e  

axis OX. 

The r e s u l t s  of h igh- la t i tude  measurements on M a r s - 1  and Electron02 

(Fig. 76) provide b a s i s  t o  assume t h a t  t he  n ight  and daytime r eg ions  are 
in te rconnec ted  through the  h igh - l a t i t ude  reg ions ,  and the re fo re ,  t h e  outermost 

most b e l t  of charged p a r t i c l e s  c o n s t i t u t e s  a s i n g l e  formation of q u i t e  com- 

p l e x  conf igura t ion .  The subdiv is jon  of t h e  s o f t  e l e c t r o n  f luxes  r e g i s t e r e d  

on Electron-2 i n t o  two ree ions*  

the  seasona l  i n t e n s i t y  v a r i a t i o n s  of e l e z r ~ r o z  It'luxee (gee # 6).  

i G  apparent ly  imaginary and l i nked  wi th  

I n  r e a l i t y ,  up t o  t h e  present  no cases  a r e  known, whereby any of 
t h e  space probes,  launched i n  any d i r e c t i o n ,  on which t h e r e  were e l e c t r o n  

i n d i c a t o r s  w i t h  energ ies  of the  order of hundreds ev  and u n i t s  of kev, 

had c rossed  t h e  bounciary rf t k e  cuter r a d i a t i o n  b e l t  without d e t e c t i n g  

beyond i t  f l u x e s  of s o f t  e l ec t rons .  Since the  ou te r  boundary of t h e  t rappea  
r a d i a t i o n  zone i s  c losed ,  the  assumption should fo l low t h a t  the  zone of e x i s t -  

ence of  s o f t  e l e c t r o n  f luxes ,  s i t u a t e d  beyond i t ,  a l s o  c o n s t i t u t e s  a single 
e n t i t y .  This ,  however, does not  imply t h a t  plasma f l u x e s  have i d e n t i c a l  phy- 

s i c a l  p r o p e r t i e s  and sirnilcar o r i g i n  i n  e i t h e r ,  the daytime or night t ime 

r e g i o n s .  

* c n i g h t  and morning] 
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Tha reg ion  of s o f t  e l e c t r o n  f luxes  on t h e  n igh t  s i d e  is s i t u a t e d  

nearer  t he  Earth than t h a t  on the  daytime s i d e ;  t h i s  agrees  w e l l  wi th  the  

d i s p o s i t i o n  of t h e  boundary of trapped r a d i a t i o n  C24, 25, 291. 
s i d e  reg ion  of fluxes, detec ted  by Luna-2 and Explorer-12, are disposed 

symnet r ica l ly  r e l a t i v e  t o  the  l i n e  Sun-Zar t%.There i s  a c e r t a i n  discrepancy 
between the  d a t a  obtained on Luna-2 and Explorer-12 in the  es t imate  of t h e  

value of t he  f l u x e s  : 2 10~crn-2sac-l on  una-2 C ~ I  
on E x ~ l o r e r - 1 2  [lo] , i n  s p i t e  of the f a c t  t h a t  the  t r a p  on Luna-2 was pro- 

vide6 wi th  a notably g rea t e r  viewing angle. No observa t ions  i n  t h e  interme- 
d i a t e  midnight reg ion  were conducted as yet .  Nor has  the  zone of thermalized 
plasma been y e t  observed i n  high l a t i t u d e  reg ions ,  f o r  to-date ,  no s a t e l l i t e s  

o r  rocke t s  have been launched 

a t  hiyh l a t i t u d e s .  

The n i g h t  

8 9 -2 -1 and 10 - 10 cm sec  

t h a t  would c r o s s  the  magnetosphere boundary 

5. - RELATIONSHIP BEWEEN THE SPATI-L  D E T R I E U T I O N  OF 
SOFT ELECTRON FLECZS AND -- THE STRUCTURE OF 

L-. TIG MAGTJETIC FIELD 

..---- - - --. 
- I_- - 

The l i n k  between t h e  dzytime and night t ime reg ions  of the  sone of 
s o f t  e l e c t r o n  f l u x e s  probLbly depends on t h e  s t r u c t u r e  of t h e  Ea r th ' s  magne- 

t i c  f i e l d  a t  g r e a t e r  d i s t ances  from the  Ea r th  and, more p a r t i c u l a r l y  on t h a t  

of t h e  n i s h t  s i d e  and i n  the  magnetosphere tail. The cha rac t e r  of t h e  r e l a -  

t i o n s h i ?  between these  re , r ions may i n  p a r t i c u l c v  be e n t i r e l y  d i f f e r e n t  depend- 

fnp upec whether o r  not  t he  magnetosphere is i n  t h e  a n t i s o l a r  d i r e c t i o n  o r  
is c losed .  

I n  t h e  ques t ioc  of t h e  magnetosphere shape on the  n i g h t  s i d e ,  va r ious  
au thors  adhere t o  d i f f e r e n t  viewpoints 

s o l u t i o n  of t h i s  important  problem a r e  s t i l l  scarce .  However, measurements 

of t h e  m a p e t i c  f i e l d  on Explorer-14 c j 4 j  anit ciii Ex$crer-18 C401 cons t i -  

t u t e d  stron,: arguments i n  favor  of t h e  open model of the  magnetosphere. 

I n  January 1964 Explorer-14 was on the  n i g h t  s i d e  of t h e  Ea r th  ( t h e  angle  
between the  d i r e c t i o n s  E a r t h - s a t e l l i t e  and Earth-Sun c o n s t i t u t e d  .v14O-15O0). 

As t h e  ob Sect d r i f t e d  f a r t h e r  away from Ear th  and beginning wi th  -9 - 1 0 R E ,  
t h e  f i e l d  l o s t  i ts  diFole  charac te r  and remained cons tan t  in d i r e c t i o n  and 
s t r e n q t h  (H 4 30 - 507) through o r b i t  apogee ( -15 RE). I n  t h i s  reg ion  

C30 - 381. Experimental  d a t a  f o r  t h e  
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t h e  f i e l d  w a s  d i r e c t e d  toward t h e  s i d e  from the  Za r th  and  away from the  

Sun, t h a t  is, t h e  behavior of t he  f i e l d  w a s  p r e c i s e l y  of t he  na ture  r equ i r ed  

i n  t h e  open model OF a t  l e a s t  i n  the  magnetosphere- s t r o n g l y  extended i n  

t h e  a n t i s o l a r  d i r e c t i o n .  It should be noted t h a t  the  d a t a  brought out  i n  C39J 
s t i l l  have a prel iminary cha rac t e r :  however, they agree we l l  wi th  both  9 t h e  

e a r l i e r  conducted magnetic measurements on Explorer-10 c413 and th'e subse- 
quent d a t a  from magnetic measurements on Explorer-18 c401. The l a t t e r ,  consi-  

derably exceeding i n  volume those obtained i n  c39, 411, confirm t h a t  on t h e  

n ight  s i d e ,  beyond the  limits of 8 -  1 0 R E ,  t h e  magnetic f i e l d  loses  e n t i -  
r e l y  its d ipole  cha rac t e r ,  the magmetic l i n e s  of fo rce  expand and run prac- 

t i c a l l y  pa ra l l e lwi se  (Fig. 8). 

I 

E s s e n t i a l l y  new is  i n  [40] the r e v e l a t i o n  of the  magneto-neutral 

l a y e r  on t h e  n ight  s i d e .  Cases of change by 180° i n  the  d i r e c t i o n  of t h e  

magnetic f i e l d  were observed more than once near  t h e  geomagnetic equator  

plane,  and i n  the  narrow l a y e r  ( - 600 k m  ) 

were conducted through - 31% and t h e  magnetic f i e l d  i n  t h e  magnetosphere 

t a i l  c o n s t i t u t e d  then 10 -15 y. 

i t  w a s  near  zero. Measurements 

The system of c u r r e n t s  a s su r ing  the  s t r u c t u r e  of t he  f i e l d  in t h e  

" ta i l"  p a r t  of t he  magnetosphere open i n  the  a n t i s o l a r  d i r e c t i o n ,  is sche- 

m a t i c a l l y  shown in F i g . 9  borrowed from C321. I n  order  that t h e  f i e l d  s t r u c -  

t u r e ,  observed i n  the  experiments C401may be ma te r i a l i zed ,  i t  is necessary 
t o  assume t h e  ex is tence  of s u f f i c i e n t l y  dense plasma i n  the  magneto-neutral 

l aye r .  S t a r t i n g  from the  necess i ty  of ex is tence  of s ta t ic  equi l ibr ium in t h e  

t r a n s v e r s e  s e c t i o n  of t h e  n ight  p a r t  of  the magnetoapCzrei a d  t ak ing  i n t o  

account t h e  c h a r a c t e r i s t i c s  of e l e c t r o n  f luxes  r e g i s t e r e d  on va r ious  space 

probes,  t h e  conclusion i s  made i n  C38J t h a t  t he  f l u x e s  of s o f t  e l e c t r o n s  

observed near  t he  geomagnetic equator on Luna-2 and Explorer-12, a r e  pre- 

c i s e l y  s i t u a t e d  i n  the  magneto-neutral l q e r .  h e  should bear  i n  min? . tha t  
i n  essence ,  i t  i s  es t imated  i n  C38J t h a t  a l l  the  energy of t h e  observed 

e l e c t r o n s  goes t o  c r e a t i n g  plasma pressure  i n  a d i r e c t i o n  p a r a l l e l  t o  t he  

magnetic f i e l d ;  the  accounting of e l e c t r o n  motion i n  a d i r e c t i o n  p a r a l l e l  

t o  t h e  magnetic f i e l d  must increase  t h e  e s t ima tes  of t he  r equ i r ed  e l e c t r o n s  

brought  ou t  i n  C383. 
l i n k e d  wi th  the  ex i s t ence  of t h a t  l a y e r  C38, 42, 433. 

It is poss ib le  t h a t  t he  gegenschein phenomenon is 
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Fig. 8. - S t r u c t u r e  of t h e  M a p e t i c  F i e l d  in t h e  t a i l  
of the  magnetosphere according t o  measurements 

on Explorer-18 C401 
1- shock wave f r o n t ;  2 - t u rbu len t  region;  3 - magneto- 
sphere boundary; 4 - s o l a r  wind; 6 - n e u t r a l  l a y e r ;  7 - 
41st o r b i t  of Explorer-18; 8 - l i n e s  of fo rce  of the  ma- 
n e t i c  f i e l d  a f t e r  t h e o r e t i c a l  c a l c u l a t i o n s  (dashes)  and 
according t o  experimental  data ( s o l i d  l i n e s ) .  Shadings 
p o i n t  t o  reg ions  occu?ied by t h e  r a d i a t i o n  be l t s .  

I 

Fig.g.-System of cur ren t s  i n  the  magnetosphere tail 
according t o  C321 
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I f  t h e  magnetosphere is open i n  the  a n t i s o l a r  d i r e c t i o n ,  a l l  t h e  

l i n e s  of f o r c e  o r i g i n a t i n g  from polar  r e r i o n s ,  move i n  two p a r a l l e l b e a m s ,  
between which t h e  magneto-neutral l aye r  i s  l o c a t e d , i n  the  a n t i s o l a r  d i r ec -  

t i o n  and t o  i n f i n i t y ,  w h i l e  enveloping the  zone of t rapped r ad ia t ion .  The 

l i n e s  of fo rce  running a long  the  sur face  of these  beams and washed by t h e  

s o l a r  wind, f l y i n g  p a s t  t h e  magnetosphere, form on t h e  E a r t h ' s  s u r f a c e  two 
r i n g s  (around t h e  North and South poles )  a long the  h igh - l a t i t ude  boundaries 

of t he  zones of trapDed r a d i a t i o n  ( i t  i s  n a t u r a l  t h a t  t h e  trapped r a d i a t i o n  

can be disposed only on c losed  l i n e s  of fo rce ) .  These r i n g s  correspond 

about t o  the  zones of maximum aurora  recurrence.  The ene rge t i c  e l e c t r o n s  

forming on t h e  magnetosphere boundary and i n  the  magneto-neutral l a y e r  at 
solar wind i n t e r a c t i o n  with the  geomagnetic f i e l d  may apparent ly  p e n e t r a t e  

along these  l i n e s  of fo rce  i n t o  t h e  depth of t h e  magnetosphere through t o  
au ro ra  zones. From t h i s  po in t  of view, j u s t  as i n  agreement with the  e a r l i e r  

expounded ideas c121, the  reg ions  of s o f t  e l e c t r o n  f luxes  de t ec t ed  on t h e  

n igh t  and daytime s i d e  of the  Ear th  c o n s t i t u t e  a s i n g l e  formation 09 complex 
conf igu ra t ion ,  apparent ly  c l o s e l y  l inked wi th  t h e  au ro ra  zones. 

If the  magnetosphere is closed,  t h e r e  remains, as formerly,  t h e  

p o s s i b i l i t y  of d i r e c t  pene t r a t ion  of thermalized s o l a r  plasma i n  t h e  r eg ion  
of n e u t r a l  points s i t u a t e d  a t  magnetosphere boundary on t h e  daytime s i d e  

of t h e  Ear th  ( see ,  f o r  example, 

on t h e  cha rac t e r  of s o l a r  plasma f luxes '  i n t e r a c t i o n  with the  geomagnetic 

f i e l d  and on the  s t r u c t u r e  of t he  i n t e r p l a n e t a r y  f i e l d .  

C44- 461. T h e i r  pos i t i on  depends e v i d e n t l y  

The p o s s i b i l i t y  of plasma breakthroiig5 a t  zxutral po in t s ,  wi th  sub- 

sequent  d r i f t  of leaked charged p a r t i c l e s  ac ross  the  l i n e s  of fo rce  of t h e  

magnetic f i e l d ,  b r inging  these  p a r t i c l e s  t o  the  n igh t  s i d e  of t h e  magnetosphe- 

r e ,  is considered in C463. 
The r e s u l t s  of measarssects clr_ AES Electron-2,  expounded i n  # 6 ,  

t h e  s a t e l l i t e  c r o s s i n g  at t h e  i n i t i a l  s t a g e  of i ts  f l i g h t  over morning 

p o r t i o n s  of the  o r b i t , t h e  l i n e s  of fo rce  of the  magnetic f i e l d  near  t h e  

sou the rn  n e u t r a l  po in t ,  speak appCvent ly  i n  favor  of r ep resen ta t ions  deve- 

l o p e d  i n  C463. 
Other explana t ions  can apparent ly  be proposed f o r  the o r i g i n  of 

t h e  zone of s o f t  e l e c t r o n  f l u x e s  on the n igh t  s i d e  of t he  Earth,  f o r  example, 
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w i t h i n  the  framzwork of magnetosphere models C31, 33.371, i n  which f a i r l y  
low-energy p a r t i c l e s  e f f e c t  i n  the  outer  p a r t  of the  magnetosphere complex 

convective motions, Eowever, t he  s t r u c t u r e  o€ t he  magnetic f i e l d  on t h e  

n igh t  s i d e ,  adopted i n  these  works, does not  apparent ly  correspond t o  t h e  
I da ta  of d i r e c t  observations.  

Xoreover, i t  should probably be taken i n t o  account t h a t  t he re  may 

a r i s e  a p o s s i b i l i t y  of appearance of s o f t  e l e c t r o n s  as a r e s u l t  of some 

l o c a l  mechanisms of charged p a r t i c l e  acce le ra t ion  i n  the  p e r i p h e r a l  r eg ions  

of t he  E a r t h ' s  ionosphere,  u sua l ly  considered i n  conoection wi th  the  o r i g i n  

o f  the o u t e r  r a d i a t i o n  b e l t  c47, 481. 

6. - TEXPORAL VARIATIONS -- AFT3R THE DATA OF ELECTRON-2 

The observat ions of s o f t  e l e c t r o n  f l u x e s  with t h e  a i d  of t he  th ree -  
e l e c t r o d e  i n t e g r a l  chxrged p a r t i c l e  t r a p  on AES Electron-2 allow a pre l imi-  

nary conclusion on the  presence of r e l a t i o  s h i p  among t h e  observed f l u x e s  

of s o f t  e l e c t r o n s ,  t he  o r i e n t a t i o n  of t he  axis of the  E a r t h ' s  magnetic d ipole  

r e l a t i v e  t o  the  d i r e c t i o n  a t  t h e  Sun and t h e  geomagnetic a c t i v i t y .  

We presented i n  F i g . 1 0 t h e  time v a r i a t i o n s  of % - i n d i c e s  over t h e  

i n i t i a l  s t a g e  of f l i g h t  of t he  s a t e l l i t e  (which, according t o  [49] and [ll], 

c o r r e l a t e  wi th  t h e  v e l o c i t y  and i n t e n s i t y  of s o l a r  plasma f luxes) .  The geo- 

c e n t r i c a l  d i s t a n c e s  a re  ind ica t ed ,  on which the  f luxes  of s o f t  e l e c t r o n s  

were r e y i s t e r e d  on n ight  (6) a d  morning (6) seLg;ments of the  o r b i t s  of 
Electron-2,  and a l s o  the  angle Q ,  c lose  t o  the  value of t he  geomagnetic 

l a t i t u d e  of the subsolar  po in t  of  the maguctsqhere  *= When examining t h i s  

drawing one should bear  i n  mind t h a t  we do not  dispose of un in t e r rup ted  

d a t a  on the  ma,pitude of the  c o l l e c t o r  c u r r e n t s  of t he  t r a p ; t h e  time i n t e r -  

v a l s ,  corresponding t o  the  presence of information,  a r e  shown i n  Fig. 10, 

in t h e  form of heavy p o r t i o n s  of t h e  lirrc, Let us  remesber again,  t h a t  a s ide  

from f l u x e s  of e l e c t r o n s  p o s i t i v e  ions  may a l s o  pene t r a t e  i n t o  the  t r a p ,  as 

a consequence of which the  r e r i s t e r e d  negat ive  c o l l e c t o r  c u r r e n t s  w i l l  allow 
t o  e s t ima te  only the  lower l i m i t s  if the  values  of  e l e c t r o n  f luxes.  

From the  da t a  brought up i t  may be seen  t h a t  f l uxes  of s o f t  e l e c t r o n s  

were r e z i s t e r e d  over morning; o r b i t s  of the  s a t e l l i t e ,  and mostly a t  t h e  time 
when t h e  southern  magnetic pole had maximum i n c l i n a t i o n  toward the  s i d e  of 

~~ ~ 

*[see i n f r a p a g i n a l  note p. 163 
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F i g .  1Q - Comparison of t1.e cases o r  r c p i s t r a t i o n  of soft e l e c t r o n  
fl-!!e5 after t h e  d a t a  of Electron-2 ( i n t e g r a l  t r a p )  wi th  t h e  Icp - 
- ind ices  and the  o r f e n t a t i o n  of t h e  axis of t h e  gaozizgnetic clipc?le 

a -  Kp- ind ices ;  6- geocen t r i ca l  d i s t ances  over which f luxes  were 
measured on niEht po r t ions  of o r b i b ;  6 - same as 6, but  on morning 
p o r t i o n s  of o r b i t s  : 2 - o r i e n t a t i o n  of the  d ipole  axis (9); XZ - 
-mer id iona l  plane o f  t h e  s o l a r - e c l i p t i c a l  system of c o o r d i n a t e s ;  
S??- ~rzjsctim nf t h e  axis of the geomagnetic d ipole  on t h a t  s u r f a c e ;  
3 - time i n t e r v a l s  corresponding t o  the  presence of inr^ormatirn. 

( 9 ) .  

* i n f r a p a g i n a l  note  from the  preceding page. 
* The va lues  of 9 a r e  computed for the  moments of  time when the  m S  

w a s  s i t u a t e d  at geocen t r i ca l  d i s t ances  Corresponding t o  the  h o r i z o n t a l  l i n e  
of Fir. 10, 6 (R ry 4.7 
gion of f luxes '  r e g i s t r a t i o n  of s o f t  e l e c t r o n s  over the  i n i t i a l  po r t ion  of 

is approximately t h e  middle p a r t  of t he  morning r e -  

AES's f l i g h t  t r a j e c t o r y .  



Sun, t h a t  is, when the  condi t ions  f o r  the pene t r a t ion  of t h e  thermalised 

s o l a r  plasma through the  southern n e u t r a l  po in t  were most favorable  (provided 

obviously,  such a pene t r a t ion  t akes  plaae) .  
The same p e r i o d i c i t y  in t he  appearance of f l u x e s  is observed also on 

t h e  n igh t  s i d e ,  but  wi th  a s h i f t  i n  time; t h i s  p e r i o d i c i t y  is at  the  same 
time expressed more sha rp ly  than on the morning s i d e  where t h e  number of 

r e g i s t r a t i o n s  and the  i n t e n s i t y  of f luxes  a r e  l e s s e r  than on the  n igh t  s i d e .  

Separa te  except ions correspond t o  days with increased  state of geomagnetic 

d i s turbance .  

It should be s t r e s s e d  t h a t  the d a t a  presented are prel iminary,  i n  

p a r t i c u l a r  because they a r e  based u?on observa t ions ,  whose s t a t i s t i c s  are 
l i m i t e d :  subsequent ly  a j o i n t  a n a l y s i s  of a l l  t h e  r e s u l t s  of observa t ions  

of f l u x e s  of s o f t  e l e c t r o n s  w i l l  be requi red  ( inc lud ing  t h e  observa t ions  

conducted s imultaneously wi th  the  a i d  of an e l e c t r o s t a t i c  ana lyzer  [l9]). 
Note t h a t  t he  d a t a  brought out ,  which show t h e  presence of relation- 

shipsbetween the  cases  of r e g i s t r a t i o n  of s o f t  e l e c t r o n  f l u x e s  on Electron-2 

and t h e  o r i e n t a t i o n  of t he  axis of the geomagnetic d ipole  may have a great 
value,  i n  p a r t i c u l a r ,  f o r  t he  c l a r i f i c a t i o n  of the  cha rac t e r  of solar plasma 

p e n e t r a t i o n  i n t o  the  E a r t h ' s  magnetosphere and t h e  f i l l i n g  of t h e  geomagnetic 

t r ap .  Note i n  connection w i t h  t h i s  t h a t ,  f o r  example i n  C501, t h e r e  was alrea- 

dy noted a poss ib le  l i n k  of  c e r t a i n  d a i l y  and seasona l  v a r i a t i o n s  of t h e  

geomagnetic a c t i v i t y  w i t h  the  v a r i a t i o n s  i n  the o r i e n t a t i o n  of t he  axis of 
the geomagnetic d ipole  r e l a t i v e  t o  the  d i r e c t i o n  a t  the  Sun. 

7. - BRIEF REYXRKS CONCERNING THE ORIGIN OF SQFT ETLE!X'20YS 

BEYOND THE BOUNDARIES OF RADIATION BELTS 

The daytime r eg ion  of t h e  zone of charged p a r t i c l e s  is sepa ra t ed  
from t h e  unperturbed so lar  Wiz2 by 2 fihock wave f r o n t ,  having formed a t  
solar plasma i n c i d e n t  supersonic  flow onto t h e  geomagnetic f i e l d  (solar wind). 
I n  t h i s  zone t h e  e l e c t r o n s  have energ ies  of t h e  o rde r  of hundreds of ev and 
kev (up t o  10 -40 kev),  whereas the e l e c t r o n s  of t h e  so lar  wind have an 

e n e r m  of the  order  of 10 ev. Apparently, pump-over of energy from protons 

of solar wind, having energ ies  of hundreds of ev and kev, t o  e l e c t r o n s  takes 

glace near t he  boundary of the  magnetosphere. Applied t o  t h e  outermost b e l t  

t h i s  assumption has  a l ready  been expressed i n  1960 c23. Shown as one of the 
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poss ib l e  mechanisms of such an acce le ra t ion  of e l e c t r o n s  of solar plasma 

w a s  t h a t  of e l e c t r o n  a c c e l e r a t i o n  a t  motion of  plasmoids i n  a nonuniform 

magnetic f i e l d  C33. 
One of t h e  o t h e r  poss ib l e  a c c e l e r a t i o n  mechanisms of e l e c t r o n s  is 

l i n k e d  with the  f a c t  t h a t  solar wind protons,  having energy by three o r d e r s  

g r e a t e r  than  e l e c t r o n s ,  may pene t r a t e  correspondingly deeper i n t o  t h e  geo- 

magnetic f i e l d .  A t  the same t h e  s p a t i a l  d i s t r i b u t i o n  of charges must take 
p lace ,  namely of those inducing the  e l e c t r i c  f i e l d ,  which, i n  its t u r n ,  
t lpul ls"  o r  "draws uptt e l e c t r o n s  t o  protons wi th  a c c e l e r a t i o n  corresponding 

them C41. 
It should be borne in mind t h a t  Explorer-18 r e g i s t e r e d  i n  a narrow 

l a y e r ,  apparent ly  at the  very  f r o n t  of t h e  shock wave, e l e c t r o n s  wi th  ener- 

g i e s  - 3 0 k e v  ( th re sho ld  value of the appl ied  counters )  C181. The i r  i n t en -  
5 s i t y  was est imated at - 10 

a c c e l e r a t i o n  mechanism of e l e c t r o n s  acts a t  the  shock wave f r o n t  i t s e l f .  

It is  i n t e r e s t i n g ,  t h a t  as the  satel l i te  o r b i t  drifts f a r t h e r  away from 
subso la r  p o i n t ,  the  genera t ion  region of energy e l e c t r o n s ,  concent ra ted  

a t  s m a l l  angles  x j c i n  a narrow l a y e r  near  t he  o u t e r  boundary of t he  transi- 
t i o n a l  zone, expands notably.  It i s  q u i t e  i n  order  t o  asmme t h a t  e l e c t r o n s  

of  lower e n e r g i e s  may have formed i n  t h e  course of t he  a c c e l e r a t i o n  process.  

C e r t a i n  poss ib l e  acce le ra t ion  mechanisms of e l e c t r o n s  in t he  transi- 
t i o n a l  reg ion  have been considered i n  the  works c5, 513. 

sec'l. Apparently, a s u f f i c i e n t l y  effective 

The ques t ion  of o r i g i n  of f luxes  on t h e  n igh t  s i d e  is more complex. 

This ,  i n  p a r t i c u l a r ,  is l inked  with t h e  fact t3at *he o u t e r  boundary of t h e  

sone of t rapped r a d i a t i o n  is s i t u a t e d  i n  t h i s  case  i n  the  depth of t h e  magne- 
tosphere ,  as is shown by measurements, and is no t  contiguous t o  so la r  p'lasma 

fluxes. It is poss ib l e  t h a t  the  appearance of t hese  f luxes  on the  n i g h t  s i d e  

i s  l i n k e d  wi th  plasma p e n e t r a t f a z  tt?rnv$h t he  n e u t r a l  p o i n t s  of  t he  magnetic 

f i e l d ,  as a l r eady  mentioned C461. For an open o r  s t rong ly  e longated  magne- 
tosphere  t h e  a c c e l e r a t i o n  of p a r t i c l e s  i n  the  magneto-neutral l a y e r  on ac- 

count of i n s t a b i l i t y  i n  i t ,  t h i s  l a y e r  be ing  included between plane a n t i -  

p a r a l l e l  magnetic f i e l d s ,  may also have a s u b s t a n t i a l  s i g n i f i c a n c e -  [52 - 54 ]. 
We s h a l l  no te  i n  conclusion t h a t  t h e  data brought ou t  po in t  t o  

a great geophysical  s i g n i f i c a n c e  of the  outermost zone of charged p a r t i c l e s .  
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The c lose  r e l a t i o n s h i p  of t h i s  eone w i t h  t he  s t r u c t u r e  of t he  pe r iphe ra l  

regions of t h e  geomagnetic f i e l d ,  and its o r i e n t a t i o n  r e l a t i v e  t o  t he  

d i r e c t i o n s  of s o l a r  plasma f luxes  and o f  t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  

the  l i n k  w i t h  t h e  zones of m a x i m u m  recurrences of aurorae (a t  least  s p a t i a l ) ,  

w i t h  s o l a r  and  geomagnetic a c t i v i t i e s  compel 

of the  outermost.zone of charged p a r t i c l e s  may be the  key t o  the  understand- 

ing of mumerous, important and h i t h e r t o  unresolved ques t ions ,  such ass f o r  

exaiiple, t h e  cha rac t e r  of solar plasma penet ra t ion  i n t o  the magnetosphere of 
t h e  E a r t h  and t h e  f i l l i n g  of t he  geomagnetic t rap .  

us t o  assume t h a t  t he  s tudy 

However, one should bear  i n  mind t h a t  the number of measurements of 
s o f t  e l e c t r o n  2nd proton f l u x e s  s t i l l  is t o t a l l y  i n s u f f i c i e n t  and t h a t  t he i r  
energy spectrum is not q u i t e  ascer ta ined  as yet .  That  is why one of t he  im- 
p o r t a n t  problems of f u t u r e  space research  is  the  f u r t h e r ,  c a r e f u l  s tudy  of 
f l u x e s  of charged p a r t i c l e s  i n  t h e  outermost sone, p a r t i c u l a r l y  a t  high:  

l a t i t u d e s ,  where the  daytime and night t ime p a r t s  of t h i s  sone apparent ly  

join t oge the r  near  the  n e u t r a l  po in t s  of the geomagnetic f i e l d  on t h e  daytime 

s i d e ,  and i n  t he  magneto-neutral l aye r  i n  the  n igh t  p a r t  of the zone. It is 
necessary t o  conduct t hese  measurements on the  same space probe6 and conco- 
m i t t a n t l y  w i t h  those of the  magnitude and d i r e c t i o n  of t h e  E a r t h ' s  magnetic 
f i e l d ,  o f  ene rge t i c  p a r t i c l e  fluxes, and compare them wi th  the  data on s o l a r  

and geomagnetic a c t i v i t i e s .  
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A D  D E  N D  U M  
ANNOTATION AT C O R X C T I O N  : 

The au tho r s  of t h e  above r e p o r t  took cognisance of the new p b l i c s t i o n  wi th  
r e fe rence  t o  fluxes of e l e c t r o n s  with ene rg ie s  10kevbeyond t h e  zone of trap- 
ped r a d i a t i o n  a t  low a l t i t u d e s  ( t o  2700km) conducted wi th  t h e  a i d  of t h e  
American s a t e l l i t e  Injun-3 o n l y  a f t e r  t h e  end of t he  conference.  ( L A .  F r i t s  
D.A. Gurnett.- J.Geophys. Res .  70, 2485, June 1, 1963). As poin ted  out by 
t h e ~ e  zrrthnrs. t h e i r  r e s u l t s  agree we l l  wi th  the  r e s u l t s  of observa t ions  
completed a t  g r e a t  he igh t s  on Soviet space p i c k c  I s ~ a - 2  61! 61 and Mare-l 
c151, and wi th  t h e  r e s u l t s  obtained on Explorer-12 [14]. As w a 8  866umed, 
t h e  i n d i c a t e d  irsoft e l e c t r o n s  pene t r a t e  i n t o  t h e  zone of aurorae. 
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